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Abstract 

We consider the minimal supersymmetric extension of the 3-3-1 

^ model. We study the mass spectra of this model in the fermionic and 

p . gauge bosons sectors without the antisextet. We also present some 
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0^ ■ 1 Introduction 

p 

l> ; The models based on the SU(3)c ® SU(3)l O U(1)x (called 3-3-1 models) 

^ ■ [U El E] provide possible solutions to some puzzles of the Standard Model 

(SM) such as the generation number problem, the electric charge quantization 
[1]. Since one generation of quarks is treated differently from the others this 
KA \ may lead to a natural explanation for the large mass of the top quark [5]. 

\-{ \ There is also a good candidate for Selflinteracting Dark Matter (SIDM) since 

there are two Higgs bosons, one scalar and one pseudoscalar, which have the 
properties of candidates for dark matter like stability, neutrality and that it 
must not overpopulate the universe [B], etc. 

There are two main versions of the 3-3-1 models depending on the em- 
bedding of the charge operator in the SU{?i)l generators, 

| = i(A3_^A8) + iV /, (1) 

where the d parameter defines two different representation contents, N de- 
notes the U{1)n charge and A3, As are the diagonal generators of SU{?>). 
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In the ininiinal version, with ■(9 = y/S, the charge conjugation of the right- 
handed charged lepton for each generation is combined with the usual SU{2)l 
doublet left-handed leptons components to form an SU{?>) triplet (z/, /,r)£,. 
No extra leptons are needed in the mentioned model, and we shall call such 
model as minimal 3-3-1 model. There are also another possibility where the 
triplet (z/, /, L'^)l where L is an extra charged leptons wchich do not mix with 
the known leptons [7]. We want to remind that there is no right-handed 
(RH) neutrino in both model. There exists another interesting possibility, 
where {"d = 1/a/3) a left-handed anti-neutrino to each usual SU{2)l doublet 
is added to form an SU{3) triplet (z/, /, i''^)l, and this model is called the 3-3-1 
model with RH neutrinos. The 3-3-1 models have been studied extensively 
over the last decade. 

The supersymmetric version of the 3-3-1 model minimal was done Refs. |8l 
|9] (MSUSY331) while the version with right-handed neutrinos [3] has al- 
ready been constructed in Ref. [TOl [11] (SUSY331RN), while the Super- 
symmetric economical 3-3-1 model with RH has been presented recently 
[T2](SUSYEC0331). 

Recently we have already constructed all the spectrum from the scalar 
sector from the MSUSY331 model [13]. All the results obtained on that 
article are in agreement with the experimental limits. On this article we 
want to present the results about the masses in the fermion's sector and in 
the gauge boson's sector. 

This paper is organized as follows. In Sec. [2]we review the minimal super- 
symmetric 331 model while in Sec. IHwe show how we can define one i?-parity 
in our model such that the neutrino's get their masses and keeping the pro- 
ton's safe. While in Sections ([3]) and (|5]) we present some phenomenological 
consequences of this model to the colliders physics. While on Sec. (E]) we 
present the mass values of all the fermions and gauge bosons of this model. 
Finally, the last section is devoted to our conclusions. In Appendix |A] we 
present the Lagrangian of this model in terms of the fields. 

2 Minimal Supersymmetric 3-3-1 model (MSUSY331), 

On this Section, we present our model. We start to introduce the minimal 
set of particle necessary to get the supersymmetric version of model given 
at Ref. |7j. After the introduction of the particle content of our model we 
put them in the superfields, see Sec.( l2.2p . and then we construct the full 



Lagrangian of our model in Sec. (12.31) . Then we show the pattern of the 
symmetry breaking of the model at Sec. fl2.4p . 

2.1 Particle Content 

In the nonsupersymmetric 3-3-1 model [2] the fermionic representation con- 
tent is as follows: left-handed leptons L^l = {i^aJaJa)L ~ (1,3,0), a = 
e,fi,T; left-handed quarks Qai = {da,Ua,ja)L ~ (3,3*,— 1/3) , a = 1, 2, 
QsL = {u3,d3,J)L ~ (3,3,2/3); and in the right-handed components we 
have the usual quarks u'l^^ ~ {3*, 1, —2/3), d'lj^ ~ (3'^, 1, 1/3), i = 1,2,3, 
and the exotic quarks j^^, ~ (3*, 1,4/3), J£ ~ (3*, 1,-5/3), they have 
charge — (4/3)e and (5/3)e respectivelly. The minimal scalar representa- 
tion content is formed by three scalar triplets: t] ~ (1,3,0) = {rp ,rji ,rj2)'^] 
p ~ (1, 3, +1) = (p+, po, p++)^ and X ~ (1, 3, -1) = (x", X"', x'Y ■ 

Now, we introduce the minimal set of particles in order to implement the 
supersymmetry [H]. We have to introduce the sleptons the superpartners of 
the leptons and the squarks related to the quarks, both are scalars. Therefore 
in the supersymmetric version of this model |S1 H], the fermionic content is 
the same as in the nonsupersymmetric 331 model and we have to add their 
supersymmetric partners LaL, QaL, Qsl, u'il: ^i^L, Jai ^^^ ^l- We have also 
to introduce the higgsinos the supersymmetric partner of the scalars of the 
model and the minimal higgsinos are given by f/, p and x- However, we have 
to introduce, the followings extras scalars ?]', p', x' and their higgsinos fj' , p' 
and x', in order to to cancel chiral anomalies generated by f/, p and x- 

Concerning the gauge bosons and their superpartners the gauginos. We 
denote the gluons by g^ , the respective superparticles, the gluinos, are de- 
noted by A^, with h = 1, . . . , 8; and in the electroweak sector we have V'^, 
the gauge boson of SU{3)l, and their gauginos A^; finally we have the gauge 
boson of U{1)n, denoted by V, and its supersymmetric partner Ab- 

This is the minimal number of fields in the minimal supersymmetric ex- 
tension of the 3-3-1 model of Refs. [HI |9]. Summaryzing, we have in the 3-3-1 
supersymmetric model the following superfields: -Z^e./^.r, Qi,2,3, V, P, XJ v'y p', 
x'; ul 2 3, ^1 2 3, "^ and ji,2, i-e., 21 chiral superfields, and 17 vector superfields: 
V"', V^ and V' . In the Minimal Supersymmetric Standard Model (MSSM) 
[ia[ISl[I51[ni[ISl[iai2DlEIlE2] there are 14 chiral superfields and 12 vector 
superfields. 



2.2 Superfields 

The superfields formalism is useful in writing the Lagrangian which is mani- 
festly invariant under the supersymmetric transformations [23] with fermions 
and scalars put in chiral superfields while the gauge bosons in vector super- 
fields. As usual the superfield of a field (/) will be denoted by [2]. The 
chiral superfield of a multiplet (p is denoted by 



= 0(x, e, e) = 0(x) + 1 Oa'^e a^0(x) + ^eeee d"'dm4>{x) 

+ V2 9ct>{x) + ^99 9a'^dra(t>{x) + 99 F^{x), (2) 
v2 

while the vector superfield is given by 

V{x,9,9) = -9a'^9Vrr,{x)+i999V{x)-i999V{x) + -9999D{x). (3) 

The fields F and D are auxiliary fields which are needed to close the su- 
persymmetric algebra and eventually will be eliminated using their motion 
equations. 

In the nonsupersymmetric 3-3-1 model to give arbitrary mass to the lep- 
tons we have to introduce one scalar antisextet S ~ (l,6*,0).We can avoid 
the introduction of the antisextet by adding a charged lepton transforming 
as a singlet. Notwithstanding, here we will omit both the antisextet, we are 
going to show in Secl6] all the fermions and gauge bosons of the model get 
their masses only with three triplets and three antitriplets in agreement with 

2.3 The Lagrangian 

On this subsection we will write only the lagrangian in the terms of superfields 
of the model. The Lagrangian of the model has the following form 

-^sais = '^s't/sy + -^soft' (^) 

where Csusy is the supersymmetric part and C^q{-^ the soft terms breaking 
explicitly the supersymmetry. 

The supersymmetric term can be divided as follows 

^SUSY = ^Lepton + ^Quarks + ^Gauge + ^ Scalar j (5) 



The fermion's lagrangian is given by 



£ 



Lepton 



r 

'^Quarks 



dH 



Ke^'^k 






•2gsVc+g'{-l)v' 
'i9sVc+g'{^)v' 



2gsVc+2gV+g 



'( l)v' 



Q«+Q3e[^^^^^+^^^+^'^^)^']Q3 



u • + d, e 



■igsVc+g'ikW' 



d'r + Je 



Jc 



where we have defined Vc = T^V^, V = T^V^- Vc = T^V'^c, V = T^V^- 
T^ = A^/2, T^ = —\*^/2 are the generators of triplet and antitriplets repre- 
sentations, respectively, and A^ are the Gell-Mann matrices. 
In the gauge sector we have 



■'gauge 



+ \j d^O Tr[Wcy^c\ + \j d^O Tr[yVLyVL] + \j d^OWW 



where Wc, ^Vl e W are fields that can be written as follows 

1 



(7) 



>VcL 



-DDe-'^^^''Dce^3sVc 



(8) 



Finally, in the scalar sector we have 



f^e'aVf, + ^e(2^^+^'^')p + iel^^^-^'^')^ 



+ rj e '^ i] + p e^ ^ P + X^ 



) ., , ^/ (2gV+g'V') 



X 



I d^ew + 1 



r 

(6) 



+ / d'ew + / d'ew 



(9) 



here 9 and 9' are the gauge coupling constants of SU{3) and f/(l) respectiv- 
elly and W is the superpotential of the model. 



The superpotential of our model is given by 



with W2 having only two chiral superfields while W^ has three chiral super- 
fields. The terms allowed by our symmetry are 

W2 = l^OaLaLV + l^vVV + l^pPP + PxXX' , 

W3 = Xiabcf^LaLLblLcL + \2ab(^LaLLbLV + ha<^LaLXP + flf^PXV + f[(^p'x'v' 

+ l^laiQahPU^iL + l'^2aiQaLVdiL + ^ZapQalXJ^pL 

+ K,4aaiQaLLaLdiL + t^biQ ^MV' u'iL + I^GiQsLp'dl^ + I^7QzlX Jl 

+ ^UjJ-J'jl^Il + i2rjpU'lLU]LJk + i^ipdlJlffiL- (H) 

The coefficients fio,fir],Pp and /i^ have mass dimension, while all the coeffi- 
cients in 14^3 are dimensionless [211 122]. To see the lagrangian of this model 
in terms of the fields see Appendix |Xl 

The most general soft supersymmetry breaking terms, which do not in- 
duce quadratic divergence, where described by Girardello and Grisaru [25] . 
They found that the allowed terms can be categorized as follows: 

• scalar mass term 

CsMT = -m'A^A, (12) 



gaugino mass term 



CGMT = -\{M^y'\'' + H.c) (13) 



• scalar interaction terms 

Cint = rUijAiAj + fijke'^^AiAjAk + H.c. (14) 

The terms on this case are similar with the terms allowed in the superpoten- 
tial of the model we are considering, see Eq. (ITT|) . 

They, also, must be consistent with the 3-3-1 gauge symmetry. These soft 
terms are given by 

^soft = ^GMT + ^fcalax + ^smt, (15) 



where 

r - 1 



rnxc E (^c^c) + ^A E i^\^\) + ^^b\b + ^.c. 



(16) 



due this term the gauginos get theis masses at scale where SUSY is broken 
while their superpartners the gauge bosons are massless, for more detail 
about symmetry breaking inthis model see Sec. fl2.4p . The second term give 
masses to the higgsinos is written as 

r 2t 2t 2t 2/1/ 2 l\ I 2 i\ I 

- ^%jfLJh + [hepxv + K^p'x'v' + H.c], (17) 

while the last term is given by 



C 



int 



-MlLaLff + Soabcf^LaLLhlLcL + ^^lafoe-^aL-^bL?? + £2a(^LaLXP 
+ QaL (uJiaiVdiL + ^2aipu'iL + ^JSaajLahd^jL + ^Aa^Xf^Jl) 
+ QZL {CliV'UiL + C2ip'd-L + C3JX'J1) + ^lijkd-J'jLUlL + '^2ipd^Ljfjh 

+ ^■MipulL^ak + H.c] . (18) 

2.4 Breake structure from MSUSY331 to SU{?>)c®U{1)q 

The pattern of the symmetry breaking of the model is given by the following 
scheme(using the notation given at ^) 



MSUSY331 v^ SU(3)c ® SU(3)^ ® U(l)jv ^ SU(3)^ ® ^\]{2)^®\}{1)y 



SU(3)^ ® U(1)q (19) 

When one breaks the 3-3-1 symmetry to the SU{?>)c®U{1)q, the scalars 
get the following vacuum expectation values (VEVs): 



<r7>=0, <p> 





< r/' > = , <p'>=\ u' \, < x' >= , (20) 



where v = f^/v/2, u = Vp/\/2, w = v-^/\/2, v' = Vrj'/y/2, u' = Vp>/y/2 
and w' = Vy^ 1^2. From this pattern of the symmetry breaking comes the 
following constraint [9] 

V:^ + Vl = (246 GeV)' (21) 

coming from Mw, where, we have defined V^f = v'^ + v'^ and Vp = v'^p + v'p. 
Therefore the VEV's of our model satisfy the conditions: 

w,w' ^ v,v' ,u,u. (22) 

3 Phenomenological Consequences in the lep- 
ton's and quark's sectors. 

In the usual 3-3-1 model [2] the gauge bosons are defined as 

W^ix) = -l=(V^(x)TtV^ix)), V^ix) = -^iV;^ix)±tV^ix)), 

U^^ix) = -l=(V^^(x)±tV:^ix)), AUx) = -j^L=[iV^ix)-V3V^ix))t + V^, 



Zl(x) 



1 



m 



VI + 4t2 



V^t^ ..R/ ^ t 



^^^"•"<^' + TTTIF^"*^* - TTTIP^"*^' 



Z«(x) = ,^\A V»Sx) + ^3tyjx)), (23) 

V 1 + ot'^ 

where t = ta.n6 = — and g' and g are the gauge coupling constants of U{1) 
and SU{3), respectively. 

The bosons U and V~ are called bileptons because they couple to two 
leptons; thus they have two units of lepton number, it means L = 2. Here L 
is the total lepton number, give hj L = L^. + L^^ + Lt-. This model does not 
conserve separate family lepton number, Lg, Lp and L^- but only the total 
lepton number L is conserved. 

We can define the charged gauginos, in analogy with the gauge bosons in 
the MSSM, in the following way 

A^(a;) = -l={X\{x)T^Xl{x)), X^x) = -^{X\{x) ±zX\{x)), 
X^^ix) = -l=(X\ix)±zXl{x)). (24) 
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The charged current interactions for the fermions, came from Cuy (first 
equation at Eq.f ll20p ) and from Cqqv (first equation at Eq. 012ip ) we can 
rewrite them in the following way 



""^ - ^ [F7'"(l-75)K;KMl?W^+ + F7"^(l-75)C^V^+^7"^(l-75)e^W. 



£ 



2v^ 
H. c, 



where we have defined the mass eigenstates in the following way 




Urr 



d 
S 
b 

' m 

V v+ 



v„ 




(26) 



and J" = diag ( Ji J2 J3 ) • The Vckm is the usual Cabibbo-Kobayashi- 
Maskawa mixing matrix and ^ and ( are mixing matrices containing new 
unknown mixing parameters due to the presence of the exotic quarks. 

We can calculate the Higgs couplings to the usual leptons on this model 
is given by Can, see Eq. (ll28p at Appendix El we get the following lagrangian 




C 



A 



2ab , 



IIH 



-laRkhrP + laRJ^bLVl + KJaLVt + H.C. 



(27) 



the coupling CqqH is the same as get in [2] on their Eq.(13). On this model 
the same flavor leptons they don't couple with the neutral Higgs, therefore 
our lighest Higgs doesn't couples with two electrons u and of course it can 
decay in the following way H^ -^ e^/i^, and their coupling is A2e^ = 10"^, 
see [21], due this fact our light Higgs with rriijo = 110, 5GeV was not detected 
by the experiment Large Electron Positron (LEP). 



-'^I would like to thanks E. Gregores that call my attention to this dangeours Higgs 
decay channel. 



(25) 



We have already showed that in the M0ller scattering and in niuon-muon 
scattering we can show that left-right asymmetries AptLi^^) are very sensitive 
to a doubly charged vector bilepton resonance but they are insensitive to 
scalar ones [26| l27t 128] . 

Similarly, we have the neutral currents coupled to both Z" and Z'^ massive 
vector bosons, according to the Lagrangian 



£ 



JVC 9 Mz rn,, 



2Mw 

with h{t) = 1 + 4t^, for neutrinos and 
^Nc _ 9 Mz 



1 1 Z' 



(28) 






h'^ivi + aaniZrr. + lT{v[ + a'a^)lZ'„ 



4Mw 
for the charged leptons, where we have defined 



(29) 



vi 



-l/h{t), 



ai 



-^/VHt), a\= vl/3. 



We can use muon collider to discover the new neutral Z'^ boson using the 
reaction /xe — )■ fie it was shown at [271 ES] that AnL^fie) asymmetry is con- 
siderably enhanced. 

The Lagrangian interaction among quarks and the Z^ is 



C 



ZQ 



g Mz 



AMw , 
where i = u,c, t, d, s, b, Ji, J2, J3; with 



^ [^a'^iv' + aS')*, 



(30) 



h 



V 

yJ2 — yJ3 



v^ = (3 + 4t2)/3/i(t), 

v'^ = -(3 + 8t2)/3/i(t), 
Ji _ 



-20tV3/i(t) 
16tV3/i(t), 






0, 



U , and D mean the charge +2/3 and —1/3 respectively, the same for Ji,2,3- 
There is also the usual QCD Lagrangian given by 



£QCD 



9sG^q-fi,q 



IJ.H } 



(31) 
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the lagrangians presented at Eqs. f l25|l2S|29|30|IM]) are the same as appear in 
the 331 model [2]. In those lagrangians appear a lot of interestings phe- 
nomenologiacal studies presented at [30]. 

We can, also, study the following process resulting in at least three leptons 
coming from pp collision, throught the following reactions q 

g + d -^ W + J, g + u-^ f/++ + ja, 

d + d ^ U++U—, d + u^U— + V+. (32) 

For example the first process has the following Feynmann diagrams drawing 
in Figs. (fT]l2|) . Similar diagrams can be drawn to the process g+u -^ U^^ +ja 
(change d ^ u and J ^ j). 

As first results, in Fig|2] we present the differencial cross section, get 
from the program COMPHEP [31], to the process gd -^ JU as function 
of cos{pl,p3). We have also calculated the cross section to these process 
as function of Mu and Mj and our results are shown in FigsJH (left) and 
FigsJH (right) respectively. In Figs. |5] left (right) we present the results on 
forward-baskward asymmetry as function of Mu{Mj) respectivelly. Similar 
results can also be get to the process g + u ^ U^^ + ja- 

9 U— 

d 





d ' ^ J 



Figure 1: gd ^ U J exchanging quark-rf. 

From Eq.f l3T]) . the new gauge bosons can decay in the followings channels 
U — )■ {Jd,uji3,l~l~) and V~ — )■ {Ju.djp.l'v). These decays modes are 
shown in Fig. [HI 

The heavy quarks J, ji and J2 can decay to the light quark via V* jU* 
emission to produce bilepton final states with a specific decay signature, see 



^I would like to thanks to Alexander Belyaev that call my attention to the first process. 
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g 






J 




J 


k 




d 


— ► 


'^ /\ /\ / 


^^^: 



Figure 2: gd ^ U J exchanging quark- J. 

G,d- > jl,U- 






0.1 ■: 



10-2- 




cos{pl,p3) 

Figure 3: Differential Cross Section gd — > JU . 

Fig. [71 Analasing these decays mode, we conclude that the J quark will 
decay in l^l^d or l^uu without any restrictions coming from the bosons 
gauge masses, because these particles are virtual on this decay. While the j 
quark can decay in I'vd and l~l~u. 

By another hand, the U decay will depend of Mu, Mj and Mj . in Tab. [1] 
we shown all possibles possibilities. 

The width of the U boson is drawing in the Fig. |H] (left) as function of its 
mass. In Fig. [8] (center) we draw F^ versus Mj, while in Fig. [8] (right) we 
plot Tu versus Mj. 

Again we divided the signals for the process gd — )■ lllX in four regions. 

We also present the width of the V boson versus its mass in Fig. [9] (left) 
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G.d- >jl.U- 



G.d- > jl.U- 



0.24- 



0.16- 



0.08- 




Figure 4: Total Cross Section gd — )■ JU as function of Mu (left) and 
Mj (right). 



G,d- > jl,U- 




^0m■ 



0.78■ 



0.76- 



200 



400 



600 800 

Mt, |GcV] 



G,d- >jl,U- 




600 800 



Figure 5: Asymmetry gd —)■ JU as function of Mu (left) and Mj (right). 



as function of its mass. In Fig. |9] (center) Fy versus Mj is shown, while in 
Fig. [8] (right) we plot Fy versus Mj. 

Of course this process must be better studied as the others three processes 
listed at Eg. (132 p . These particles can be detected at Large Hadron Collider 
(LHC) if they really exist in nature. 

There are background come mainly from the SM and from MSSM [2T|[22]. 
The background from the SM comes from the W*Z*, W*'y*,Z*Z* and qq. 
Where in the SM we have the following decays for the gauge bosons W~ — )■ 
l-ui, Z° -^ l+l- and 7 -^ l+l- . 

The W*Z* and W*'-f* background are known to be the major source of 
background come from the SM for the three lepton channjel. The second 
largest background font to three leptons channel is from qq events. Finally, 
the remaining three leptons background which should worry about is the 
Z*Z* jet production. 
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J.u, I 



J,d, I 




d,jf3,t 




U,]i3,V 



Figure 6: U and V decay in two particles 



u,d 



d,u 



J 




V+M++ 




V-M- 



Figure 7: J and j decay in ordinary quarks and bileptons that will decay too. 



In the MSSM the charginos, neutralinos, gluinos and squarks pair pro- 
duction leads to a trilepton signature too. The trilepton final states that 
could arise from the decay of charginos Xi and neutralinos X2- For the re- 
action qq — )■ xfx25 where xf ~^ Xi^^^i and X2 ~^ Xi^^^~) a^iicl Xi is the 
LSP. The I'l and two LSPs do not interact and manifest themselves as miss- 
ing energy. The resulting final states is three isolated charged leptons plus 
missing energy. While the squarks q and the gluinos g have the following 
interactions qq, qg and gg and the decays of squarks and gluinos are q — )■ gxi 

and^^ggx? [^Elllfe]. 

To finish this analyses from interactions of gauge bosons, we can study 
Cdc given at Eq. f ll25p at Appendix \^ From this lagrangian we can derive 



Case number 


Mass relation 


decay mode 


1 


Mu > Mj, Mu > Mj 


Jd, ud, l^l^ 


2 


Mu < Mj, Mu > Mj 


jd, rr 


3 


Mu > Mj, Mu < Mj 


ud, l~l~^ 


4 


Mu < Mj, Mu < Mj 


ri- 



Table 1: All possibles decays to the U boson. 
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i+i+d rrdd 



l^l^d I uud 



i+i+d rr 



uu 



i+i+d rr 



l^vu I I dd 



l^uiL I uud 



l^uu I I uu 



l^vu I I 



Table 2: States coming from JU decay. 



f;++- > 2 . A' 




™° ''™ m„[GeW '" "°° "f'AG.W 



200 400 600, 



'f/,[Gs^P° 



Figure 8: U decay width as function of M(7(left), Mj (center) and M^ (right) 



the following Feynman rules given the trilinear and quartic coupling. On this 
case we get the same results presented [321 [33], given at Tab([3|). Here the 
following notations were used 






= 9fj./3gua — gfiagu/S- 



(33) 



4 i?- Parity 

The R-symmetry was introduced in 1975 by A. Salam and J. Strathdee [3i 
and in an independent way by P. Fayet [15] to avoid the interactions that 
violate either lepton number or baryon number. There is very nice review 
about this subject in Refs. [351 136] . More precisely, R-parity (which keeps 
particles invariant, and changes the sign of sparticles) can be written as 



R 



-|\3(B-L)+25 



(34) 



where 5* is the spin of the particle. 

We said above that only the total lepton number, L, remains a global 
quantum number (or equivalently we can define J^ = B + L a.s the global 
conserved quantum number where B is the baryonic number [7j). However, 
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UcJr 
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Figure 9: V decay width as function of Mu{\eit), Mj (center) and Mj (right) 

if we assume the global U{l)jr symmetry, it allows us to introduce the R- 
conserving symmetry, defined as i? = (— 1)^-^+^"^. The J-" number attribution 
is 

j^{u-) = j^{v-) = -HJi) = -^(^2,3) = Hp-) 



^(x- 



^(x-) = -^(^2 



(35) 



with J-" = for the other Higgs scalar, while for leptons and the known 
quarks J-" coincides with the total lepton and baryon numbers, respectively. 
Choosing the following R-charges 



riL 



rip' 



-1, rir 



rir,' 



n^ 



^x' 



0, 



'n'Q^ = ^d, = 1/2, nj^ = -1/2, n„ = -3/2, 



(36) 



it is easy to see that all the fields t], t]', x, x'y Pi p' ■, ^1 Qii u, d and Jj have 
R-charge equal to one, while their superpartners have opposite R-charge 
similar to that in the MSSM. The terms which satisfy the defined above 
symmetry (l36l) the term allowed by this i?-charges in our superpotential, 
given at Eq. (ITT|) . are given by 



W = Unfjfi' + fippp + fi^xx + X2abeLaLLbLfi + fiepxfj + f[epxri' 

+ l^laiQaLPUiL + K,2aiQaLVdiL + f^SajsQalXJ^L + ^iaaiQaLLahd^iL + ^^biQsLV ^iL 
+ K6iQ3Lp'd-L + f^7Q3LX'Jl- (37) 

In this case only the quarks get masses. However not all of the leptons get 
mass. This is because the Yukawa coupling X2ab is only non-zero when it 
is antisymmetric in the generation indices (a, 6). In the usual 331 model to 
generate the charged lepton masses we introduce an antisextet, as we don't 
introduce this scalar in our model the charged leptons are massless in this 
case. The neutrinos are also massless. 
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However, if we want to allow neutrinos to get their masses and at the same 
time avoid the fast nucleon decay we can choose the following i?-charges 

ni = f^ri = n^i = Up = Up' = —n^ = n^i = 0, 
uq^ = 1, nu = Ud^ = nj^ = -1. (38) 

In this case, the terms allow in our superpotential are 

W = flOaLaLV + firjVfj' + jJ,pPp + p^XX + Xlabc^LahLbLLcL + X2abeLaLLbLrj 

+ ^Za^LaLXP + fl^PXV + fl^p'x'v' + l^laiQaLpUiL + f^2aiQ aLVd'iL 
+ I^Sa/sQaLXJ'^L + l^^aaiQalLaldiL + H^iQsLV U^L + l^&iQzLp d^i 

+ f^jQsLX'Jl (39) 

In our superpotential, we can generate mass to neutrinos, as we will show 
in the next section, and we get that the nucleon is stable at tree- level [IT] . 
However it is not enough to forbid the dangerous processes of nucleon decay 
but also forbid the neutron-antineutron oscillation, see Refs. [211 1221 [351 133 
[37]. 

The last term in this superpotential induce the following nice process [2T| 

[35] 



1. Double Beta Decay without Neutrinos 

2. New contributions to the Neutrals KK and also BB Systems; 

3. An additional contribution to the muon decay; 

4. Charged Current Universality in vr and r decays; 

5. Charged Current Universality in the Quark Sector; 

6. Leptonic Decays of Heavy Quarks Hadrons such as D^ — >■ K'^lfui] 

7. Rare Leptonic Decays of Mesons like K^ — t- tt+z/z/, 

8. Hadronic B Meson Decay Asymmetries. 

it also give the following direct decays of the lightest neutralinos 

X? -> If'^jdk, Xi -^ Kujdk, 

X? -> i^id.jdk, Xi -^ i^idjdk, (40) 
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and for lightest charginos 

xt -^ Ifdjdk, xt -> ^tujUk, 

xt -^ I'djUk, xl -^ i^iUjdk. (41) 

These very nice aspects also happen in SUSY331RN and in SUSYEC0331 
models [38] . 

5 Chargino and Neutralino Production 

However, on this model we have doubly charged vector bosons and scalars, 
respectively. This means that in some supersymmetric extensions of these 
kind of models we will have double charged charginos [HI |39l SO]. On this 
model the charginos can decay in the following way 
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X° ^ ^^- (42) 

Take this information into account we can say that 

e^e^ —7- x^^x° — 7- leptons + mixing energy. (43) 

Again another interesting signal that can be measured at the International 
Linear Collider (ILC). 

In a previous work [9l [39l HO] we have have calculated the total cross 
section to the reactions 

e-e" -^ X~'X°, (44) 

we know that the ILC will start to run with ^/s = 0, 5TeV and therefore this 
detector can detect them if they really exist in nature. 

Naturally these particles can also be detected at LHC through the pro- 
cesses 

PP -^ X^^x\ (45) 

and on this case we thinks it will be intersting to study these process to the 
LHC. 



6 Mass spectrum 

Here in this article, we want to present the mass spectrum of the Minimal 
Supersymmetric 3-3-1 model. We will present first the results in the fermion's 
sector, then in the boson's sector. 

6.1 Leptons masses 

In a previous work we have shown that, in the MSUSY331, we don't need to 
use the antisextet to generate the masses to the leptons. 

Let us first considered the charged lepton masses. Denoting 

0+ = (e^, /i^, r^ -iA^, -iX^,Ji[^, vt^f^^x'^f, r^^-. 

(p- = {e,fi,T,-iX^,-iXy,fi^,fi!f,j5'-,X~V, 

where all the fermionic fields are still Weyl spinors, we can also, as before, 
define \l/=^ = (0+0")^, and the mass term -(l/2)[\l/=^^y=^\l'=^ + H.c] where 
Y^ is given by: 



with 



X 







Y^ = 


( 


X^\ 
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(48) 



where we have defined v,v',u,u',w and w' at Eq. (!20|) . 

The chargino mass matrix Y^ is diagonalized using two unitary matrices, 
D and E, defined by 

Xt = A,^;, x; = Ei.^J, 2, J = 1, ■ ■ ■ , 9, (49) 



19 



{D and E sometimes are denoted, in non-supersymmetric theories, by f/]j 
and t/|, respectively). Then we can write the diagonal mass matrix as 

MscM = E*XD-\ (50) 

To determine E and D, we note that 

M^CM = DX^ ■ XD-^ = E*X ■ X'^{E*)-\ (51) 

and define the following Dirac spinors: 

^ixt) = ( xt x7 )\ ^%X7) = ( x7 xt f, (52) 



where xt is the particle and Xi is the anti-particle. 

We have obtained the following masses (in GeV) for the charged sector: 

m^± = 3186.05, m-± = 3001.12, m-± = 584.85, 

Xg ' Xg ' X7 

m-± = 282.30, m^± = 204.55, m-± = 149.41, (53) 

Xg A5 ' X4 ^ ' 

and the masses for the usual leptons (in GeV) rrig = 0, m^ = 0.1052 and 
m^ = 1.777. 

From the first processes given at Eqs. (l44ll45p we can detect at ILC or 
LHC several charginos (since Xi until at least Xi ) of this model. 

These values have been obtained by using the following values for the 
dimensionless parameters 

Aae;, = 0.001, X2er = 0.001, A2;.. = 0.393, 

Ase = 0.0001, A3;. = 1.0, A3. = 1.0, (54) 

/i = 0.254, f[ = 1.0, (55) 

and for the mass dimension parameters (in GeV) we have used: 

A^Oe = fJ'Of, = 0.0, /ior = 10"*^, (56) 

/i^ = 300, fip = 500, /i^ = 700, nix = 3000. (57) 

We also use the constraint V^ + V^ = (246 GeV)^ coming from Mw, where, 
we have defined Vj^ = v"^ + v'^ and V^ = v^ + v'p. Assuming that 

Vr^ = 20GeV, v'^ = v'p = IGeV, and 2v^ = v'^ = 2TeV, (58) 
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the value of Vp is fixed by the constraint above. 

Notice, from Eq. f l53p . that the electron is massless at the tree level. This 
is a result of the structure of the mass matrix in Eq. f HHj) and there is not 
a symmetry that protects the electron to get a mass by loop corrections. 
We obtain that the dominant contribution to the electron mass is, up to 
logarithmic corrections, 

me oc K,,\'^,,,VfV^{vl + vl,) ^, (59) 

b 

and with all the indices fixed, Vj denotes mixing matrix elements in the two 
dimension ji 2 space, VJ, means the same but in the d-like squark sector. We 
obtain rrie = 0.0005 GeV if v^ and v'^ have the values already giving above. 

6.2 Neutralinos 

Like in the case of the charged sector, the neutral lepton masses are given by 
the mixing among neutrinos, gauginos and higgsinos. The mass term in the 
basis 

^° = (^e^,^. - ^X'A - ^Ai - t\Bf]'v"~p'~p"x'r) , (60) 

is given by -(l/2)[(^°)^y°^° + H.c] where 
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(61) 

All parameters in Eq. (EH), but m', are defined in Eqs. ( I20l) . ( l54l) and (1571) : 5^ 
and ^' denote the gauge coupling constant of SU{3)l and U{1)n, respectively. 
The neutralino mass matrix is diagonalized by a 12 x 12 rotation unitary 
matrix A^, satisfying 

M^MD = N*Y'N-\ (62) 
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and the mass eigenstates are 

X° = iV,,vl/0, j = l,...,12. (63) 

We can define the following Majorana spinor to represent the mass eigen- 
states 

nxf) = (x° xlf- (64) 

As above the subindices a, b, c run over the lepton generations e, /i, r. 

With the mass matrix in Eq. (16T]) . at the tree level we obtain the eigen- 
values (in GeV), 

m^o = -4162.22, m^o = 3260.48, m^o = 3001.11, 

Xl2 ' All ' AlO ' 

m^o = 585.19, m^o = -585.19, m^o = 453.22, (65) 

mj= -344.14, m% = 283.14, mJ= -272.0, 

and for the three neutrinos we obtain (in eV) 

m^o = 0, m^o ^ —0.01, m^o ^ 1.44. (66) 

We have got the values in Eqs. ( 165|) and ( |66|) by choosing, besides the param- 
eters in Eqs. (jSlD and ([57]), m' = -3780.4159 GeV. Notice that the coupling 
constant g' and the parameter m' appear only in the mass matrix of the neu- 
tralinos, all the other parameters in Eq. (16 ip have already been fixed by the 
charged sector, see Eq. pHj) . fl5^ and f l57|) . The neutrino masses in Eq. f l66|) 
are of the order of magnitude for LSND and solar neutrino data. 

6.3 Double Charged Charginos 

Introducing the notation 

and 

^±± = (^ ^++ ^— )*, (67) 

we can write the following equation [9] 

^S^^ = -i(^^^)V^^v^^^ + /.c, (68) 
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where 
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(70) 



The matrix Y^^ in Eq. (l69p satisfy the following relation 



det(F** - A/) = det 



-A T* 
T -A 



det(A2-r*-T), 



(71) 



so we only have to calculate T* ■ T to obtain the eigenvalues. Since T* ■ T 
is a symmetric matrix, A^ must be real, and positive because Y^^ is also 
symmetric. 

The double chargino mass matrix is diagonalized using two rotation ma- 
trices, A and B, defined by 



xr 






5*j^7", I, J 



l,---,5. 



(72) 



where A and B are unitary matrices such that 

Mdcc = B*TA-\ (73) 

the matrix T is defined in Eq. (!70|) . To determine A and B, we note that 



M: 



DCC 



AT* ■ TA-^ = B*T ■ THB 



tf D*\-l 



(74) 



which means that A diagonalizes T* ■ T while B diagonalizes T -T^. It means 

diag(mj^±±) = [B*TA^'^]ij = m-±±6ij. (75) 

Performing the diagonalization we get the following numerical results in 
GeV 

m-±± = 194.4, m-±±= 343.3, m-±± = 452.2, m-±± = 652.1, m-±± = 3187. 

Ai A2 A.3 X4 X5 
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Using this equation togheter Eqs fl65ll66l) and considerating the second 
processes given at Eqs. fl44f45p we can detect at ILC or LHC several double 
charginos (since xt^ until at least xt^) ^-iid neutralinos (since Xi until at 
least Xg) of this model. 

We define the following Dirac spinors to represent the mass eigenstates: 

nxr) = ( xr iv )', ^^(xd = ( xr it )*, (76) 



where x^^ is the particle and Xi is the anti-particle, (we are using the same 
notation as in [Hj). 

6.4 Quarks masses 

Let us first considered the u-quarks type. There are interactions like 

- ^ (Q^iiul + Q-^ui) + ^ [Q^pu\ + QoTpni^ , (77) 

which imply a general mixing in the u-quark sector. Denoting 

V'+ = ( Ul M2 «3 ) , V'n = ( ^1 ^l "3 ) , (78) 



where all the u-quarks fields are still Weyl spinors, we can also, define 

*« = {^t^uY- We can define the mass term -(1/2)[^;^'^F„='=^^ + E.c\ 

where Y^ is given by: 

-"i - ( aI f ) • (^^) 

with 



u 2 



^ / KsilM K^2\U K.wV' 



fi512U /^522M «;i2^^' | , (80) 

V l^513U K,523U ^13^;' 

where the VEVs are defined in Eq. (l20l) 

The u-quarks mass matrix Y^ is diagonalized using two rotation matrices, 
D and E, defined by 

^t = D.ji^up «r = ^.A",, hJ = 1,2,3. (81) 

Then we can write the diagonal matrix {D and E are unitary) as 

M„ = E*X^D-\ (82) 
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To determine D and E, we note that 



M. 



DXiX^D-^ = E*X^Xi{E 



T I z7'*^-l 



and define the following Dirac spinors 

.T 



U U ' 



To the d-quark type. There are interactions like 



3 



which imply a general mixing in the d-quark sector. Denoting 
^-\ = (yd\ d\ dl^ ^ ^- = (ydx d2 ds) , 



(83) 



(84) 



(85) 



(86) 



where all the d-quarks fields are still Weyl spinors, we can also, define 

^± = (^j-^j)'^. We can define the mass term -(1/2) [^^"^F/^^ + H.c] 

where Y^ is given by: 



Y. 



with 



X, 



±_ XJ\ 

'' ~[x, ; ' 

/ KiuV K412f f^ilsV 

fi;42lf fi;422f ^423'^ 

\ K2lU' K22U' K23U' 



(87) 



(88) 



where all the VEVs are defined in Eq. (l20j) 

The d-quarks mass matrix Y^ is diagonalized using two rotation matrices, 
F and G, defined by 

df = Fii^tp d; = G,,V^- , 2, J = 1, 2, 3. (89) 

Then we can write the diagonal matrix {F and G are unitary) as 

Md = G*XdF-\ (90) 

To determine F and G, we note that 

Ml = FXjXdF-' = G*XdXj{G*)-\ (91) 
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and define the following Dirac spinors 

xij(d+) = [d+ d- Y , ^'=(rf-) = ( rf- d+Y. (92) 

In general the Yukawa couplings ku, K5ai, i^2i and K4^ai are different of 
zero and all quarks get their masses as happen in the SM and in the MSSM. 
However, we know that the quarks s,t are heavier then the quark c,b and 
the quark u is lighter than the quark d. 

We can try to given an reasonable explanation about these mass hierarchy 
in this model. In order to get this explanation we can suppose that the 
Yukawa couplings 0{kii) = 0{ki2) = 0{k2i) = 0(^22) are much smaller 
than the other Yukawa couplings that appear at mass matrices of the usual 
quarks. This hypothesis means we are going to neglect the mixing between 
the first and second familly with the first familly. 

Under this supposition we can rewrite our mass matrices, given at Eqs. fl80ll88p . 
in the following way 

3 y /t5i2 K522 J 
X, ^ -(^''' ^''Av (93) 

3 \ ^^421 ^422 / 

We know from Eq. (l58|) that u > v then Eq.( l93l) explain why the quarks of 
charge (2e)/3 are heavier than the quarks of charge (— e)/3. 
By another way 

mu = -i^nv', rrid = -H23U', (94) 

but, from Eq. OSSI) we notice that v' ~ u' and if k,23 > ^^is we can explain why 
(i-quark is a little more heavier than -u-quark. 

There are another way to try to explain the mass hierarchy between the 
fermions. If we look from Eqs. (]48ll80|88ll . it is easy to note that we can 
prevent u, d, s and e from picking up tree-level masses. To get this result we 
need to impose the following Z2 symmetry on the Lagrangian 

d'2-^-dl, dl^^dl ul^-ul, Tl^^tl (95) 



the others superfields are even under this symmetry as showed at Ref. 

On this case, it was showed that under Z2 symmetry the heavy quarks c, b 
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and t acquire mass at tree level while the light quarks {u,d,s) get their mass 
at 1-loop level. 

There is another intersting possibility to get u, d light. We can introduce 
a new discrete T' flavor symmetry as done in [43j- 



6.5 Masses of Exotic quarks 

For the J-quark type. There are interactions like 



1l 
3 



{Q^xr + Q^x'J' 



which imply one diagonahzed state with the following mass 



ji/rmass 






The another exotic quark j. There are interactions like 
which imply a general mixing in the j-quark sector. Denoting 



i^t = ( ji J2 ) . V'i = ( ii j2 y 



(96) 



(97) 



(98) 



(99) 



where all the j-quarks fields are still Weyl spinors, we can also, define 

^f = i^t^^j) ■ ^^ "^^^ define the mass term -{l/2)^!f'^Yj^^!f + H.c] 



where Y^ is given by: 



with 



Yr 



Xj 
X, 



X, 



1 / KgllW KQ12W 
3 I l^miW KG22W 



(100) 
(101) 



where the values VEVs are defined in Eq. (l20|) . 

The j-quarks mass matrix is diagonahzed using two rotation matrices, H 
and /, defined by 



3^ = Hai3^+ 3^ = I^ptjj. a,/3 = l,2 



J/3' 



(102) 
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Then we can write the diagonal matrix {H and / are unitary) as 

Mj = rXjH-\ (103) 

To determine / and H, we note that 

Mf = HXjXjH-^ = rXjXf{r)-\ (104) 

The masses of physical j are 

Mj^ = - (kgu + K622 + \/(/«611 - /«622)^ + 4/€612/«621 j Ul , 
1 
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Mj2 = - ( Ken + fi;622 - V (z^eii - 1^622)^ + 4fi;6i2/«62i ) w. (105) 



Notice that if K612 is zero we get that 

Mj, = '^^w, and Mj^ = '^^w, (106) 

therefore K612 and ^621 can be both zero that both ji and J2 are massive. 

If we consider that O^k^), 0{kqu) and C(k622) are the same order, for 
example O ^ 10"^ for example, it means from Eqs. (1581197111061) that J-quark 
is heavier than ji 2 quarks and their masses are in TeV scale. 

We define the following Dirac spinors 

6.6 The masses of Gluinos 

It is well known gluinos are the supersymmetric partners of the gluons. 
Therefore gluinos, as in the MSSM, are the color octet fermions in the model 
and due the fact that the SU{3)c group is unbroken, it means the gluinos can 
not mix with any others particles in the model, then they are already mass 
eigenstates. 

Their mass, is one of the soft parameter that break SUSY, can be written 
as 

777 ~ — 

^tr = -fg-g (108) 



so that its mass at tree level is nig = \m\J, as denoted at Eq.(]T6l) and 
Refs. [8l|9], where 

r=l^~^''^ , a = l,...,8, (109) 

is the Majorana four-spinor defining the physical gluinos states. 
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6.7 Gauge Bosons masses 

The gauge mass term is given by C^^yy which we can divided in ^mass 

and /:Si^^^ see Refs. [Hi]. 

The neutral gauge boson mass is given by 






>CSs = ( Vsm V^8n^ K. ) MM \/- , (110) 

T/rr 



where 



2 



V3^ 



\^ -2tM2 ^(«2^2«;2) U\u'' + w'') ] 



;iii) 



with t = g'/g. 

In the approximation that w"^ ^ v'^,u'^, the masses of the neutral gauge 
bosons are: 0, M'^ and M|/, and the masses are given by 



'I « 3fl^(''? + '■? + "J + '■?')• A'J' - 5(9' + 39«)(''x + <' 



The charged gauge boson mass term, >Cmass^ ^^^ Refs. [U |9], can be 

written as 

^mas?'''^ = M^W-W+"^ + M^V-V+"^ + Ml,U~-U++^, (113) 
where 

M2 5'/2|2|2|2\ 

C/ = ^(^p + ^x + V+^X')' 

^^ = ^K + ^P + ^J' + ^J), 

M^ = ji^' + < + <'+<')■ (114) 

Comparing Eqs. (lll4llll2p we can conclude 

Mz' > Mu > My > Mz > Mw (115) 
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Using Mw given in Eq.f lll4p and Mz in Eq. flll2p we get the following 
relation: 

Ml l + At^ 1 , , 

^ - - (116) 



M^ l + 3t2 l-sin^^H.^ 



therefore we obtain 



2 sin^w , . 

We want to mention that the gauge boson sector is exactly the same as in 
the non-supersymmetric 3-3-1 model. 

Using Eq. (!58|) in Eqs.f lll2|114p we get the following masses values for the 
gauge bosons 

Mu = 734,63 GeV, My = 730, 28 GeV, Mvk = 80, 40GeV, 

Mz = 91,3 GeV, M^' = 2698, 94 GeV. (118) 

These values satisfy the Eq. (11151) and Mw and Mz are in agreement with 
the experimental limits. The lower limit in Z' boson is Mz' > 822 GeV 
and our mass is in agreement with this experimental limit. 



7 Conclusions 

In this paper we have presented new i?-symmetry for the minimal supersym- 
metric SU(3)c ® SU(3)2, U(l)x model and studied all the spectrum from 
the fermion's sector and gauged's boson sector of this model. We also show 
that some of the new state as Xl!^45 Xl!^?? Xi±9; h a^id J can be discovered 
by LHC or same ILC, if they really exist. 

The new i?-parity not only provides a simple mechanism for the mass 
generation of the neutrinos but also gives some lepton flavor violating inter- 
actions at the tree level. This will play some important phenomenology in our 
model such as the proton's stability, forbiddance of the neutron-antineutron 
oscillation and neutrinoless double beta decay. 
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A Lagrangian 

The goal of this Appendix is to present all terms in the lagrangian of the 
model, which we have used in this work. 



A.l Lepton Lagrangian 

In the -^Lepton term can be written as 



"Lepton 



^llV + ^m/ + ^m/ + ^ 



-IIV 



IIV 



-uvv 



I r>leptons j^ r<leptons j^ Meptons 



■-D 



;ii9) 



where 



C, 



iiv 



'-UV 
r^leptons 

£leptons 
F 

£leptons 
D 






2 



LX'^d^'L - LX'd"'L 



ya 



Ld^L* - iLa'^draL; d^ = 9™9„, 



(120) 



A. 2 Quark Lagrangian 

As above we can write to the quarks 



£ 



qqV 



-[Qia XQi-u^a X u^ - d^a X d^ - J^a X Jjg^ 



+ |(Q3cr"^A'^g3 - gacr'"A*'^g,)c 



L 



qqV 



-Ws 



iQiX''d"'Qi - QXd'^Qi - u^X*^d"'u- + u\X*''d^u\ 



—-£ —-£ 



^c —-c 



- d'rX*''d"'di + diX*''d"'d'r - Jf A*"5'"Ji + JiX*''d"'J^)g^ 
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^qqV 



c 



qqVV 



2,^ 



^{Qzd^Q, - Q,d"^Qs) - liQad'^Q^ - Q,d"^Qa) - liutd"^ut - ii-d"^ut 



2 



~c ~c 



3 

-igs 



3' ' 3 



^ mi 



{QXQ^ - ^- A*X - d.y'-d^ - jlA*Vr)A 



%g_ 

V2 
ig_ 

V2 
2-~ 
Q3Q3 



' '3Q3Q3 - ^QaQa - -Ulul + -dld^l - -jKr + ^1% ] \b 



3 

-1 






*a\*b ic\ „a ,,hm 



9i{QX^V^ + ulx*''x*'u'r + d^\*'^\*'d'i + J ^y'^y' 31)3^^9 



quark 



c 



£ quark 
F 

£ quark 
D 



*a \ *b/ 



g\Q^\''\'Q, + Q,^*''\*'Q. 



jra-irhm 

^m ^ r) 



a \*b/ 



9s9{QsX^XV3 + Qa^^^*Va) QV^ 



- 2^39 

4=c 



lOsX^Qs - lOaX'^Q. + lu':X*^u^, - ld,X*^dt + p'x*^J^ 



g^"^V„ 



1 , 
^99 



IqsX'^Qs + ^4A*"g« 



yamy 



4^ 



/2 



4~~ _ x^_ ^^~ 25 ^c~ 16~c~' 



V^Vm- 



Q.d'Q* + u'ld'uT + d'ld'dT + J^-^Vr - ^g^a^S^g, - mla'^d^u. 



-,a \rbm 



I Sii I 'I "-1 I 'I "-i I 'I 'Jz \ ' 

^{QXQ^ - «^A*x - rf"A*"rfl - j'A*vf)D," + 1 (ggA^gs - g„A*'^ga) /^'^ 



+ 



9' 



2~~ x^~ 2- \-~c ~ 5^c~ 4:=c~' 



D. 



'1211 



A. 3 Scalar Lagrangian 



£ 



Escalar 



\F r + \F I+IF/I+IF/I+IF'I 
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+ -^[PP-XX- PP + XX\ D, 

+ (^pO^(^p') + (^x')^(^x')], _ _ _ 

C-Higgsinos = iW^^Vrnf] + ipa"''VmP + iX^'"'"DmX + if] a'^Vmf]' + ipo'^V^f) + i^ ^""^mX ] , 

19 



^HHV - ^ 



r/A^r^A^ - n^^vKi + pA^A^ - pA'^pA^ + x>^\\\ - xX^'xK + V^^vK 
+ v'X*^f,'X\ - p"A*V'A^ + p'A^'^p'A^ - x^^K + x'y^xK 



ig_ 
72 



ppAfi - ppAs - xxAb + XX^B - P p'Xb + pV'Ab + xx>^b - XX^b 



where the covariant derivative of ^[/(S) are given by: 

T^m(t>i = dm<Pi - ig \Vm.-\ (t)j-ig'N^y^(t)i, (123) 



A. 4 Gauge Lagrangian 

Now we are deahng with Ccauge that can be expanded as 

C-Gauge = C.dc + C.D ■ (124) 



where 



2 ^ ^ 2 2 



^gauge ^ _ Jja^ J^fO^ ^ _ Jja j^a ^ _ jj jj ^ 



1 
/• { /^arnn/^a i Tj/amnTT/a i j-rmn rp 



- 2 (A^a"P^A^ + A^a"P^A^ + Ab^^S^Ab) , (125) 



with 



^^mn ~ ^myn '-^nym yj ymy-m 
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:i22i 



^^ ran ^m^ n '-'n^m yJ ^m^n^ 

V^X'X = d^\\-gr'^V'^\% (126) 

jabc g^j,g ^YiQ constant structure of SU{?>) gauge group. 

A. 5 Superpotential Lagrangian 



^3 = Cp + Cifi + CllH + Ljjfj -t- l-iHH -t- /-iHH "•" '-HHH "I" '-QQH "I" ^-qqii 

+ *-iqq~^ *-iqq~^ "-qqq^ (J-^'J 

As componentes de cada lagrangiana sao escritas como 






jCf = -[SXieFLLL + X2e{2FL7] + F^L)L + j\e{FpXV + pF'xV + PXFrj) 

+ f"AFp.^V + P'F^'V + P'X i^r,') + t^iiFQ,r]'u^ + Q,F,m^ + Qiv'FuJ 

+ ^2{FQ,p'd'r + Q.F^ydt + Oip'F^J + k^{Fq,^J' + OiF^J^ + Q.^Fj) 

+ f^iiFg^rid'r + QaFrjd'i + QaVFdJ + Kr.iFg^pu'i + QaFpU'r + QapFuJ 

+ f^Q (Fq^ Xfp + QaF^jl + QaXFj, ) + Kj (Fq^ Ld^ + QaFLd'r + Q^LF^^ ) 

+ W^Fj^^ul + rf^rf]F„J + U'^F^.u^^l + w^w^^F,,) 

+ UFciJ% + rf>jj^ + dU'F^^) + A4e(F^xP + ^i^xP + LxFp)l 

Ciii = — ^e{LLL + III + LLL); Can = --\2^LLr], 

^iiH = --X2^{LLfi + LLfj); CiHH = -Y^{Lxp + Lxp), 

^HHH = -3 [/ie(pX^ + PXV + PXV) + f'Ap'x'v' + p'x'v' + p'x'^')], 

A?^ = -ol'^lQlV'^i + K2Qlp'd'r + KsQix'J" + KiQa'qd'r + K^^Qapu'l + t^aQaXffi] 

^qqH = -^[^i{Qiut + Qiut)v+K2{Qid',+Qid^)p+K3{Qir + Qir)x 
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^Iqq = —-;r[Qadi + QadijL] Cf^^ = — — QaLd^, Cfjjjj = —Lxp, 

^qqq = " 3 [^1 {d'id^ul + (t,d]ul + d^it^ul ) + ^2 (« ' Mj j^ + « ' Mj J^ + « ' Mj J^ ) 

+ Ud-rfp + dW'ji + d'irji)]. 
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Vertex 


coupling constant/e 


-fW+W- 


1 


zw+w- 


l/tw 


7\/+\/- 


1 


zv+v- 


-(l + 2s2^)/sin2^H' 


-fU++U— 


2 


ZU++U— 


(l-4s2^)/sin2^H^ 


z'v+v- 


-^3{l-4sl,)/sm2ew 


z'u++u— 


-^3il-Asl.)/sm29w 


U—V+W+ 


l/iV2 sw) 


m+w-V" 


l/{V2sw) 




^IJ,a,ul3 


v,^v-v+v,- 


^lia,i/(5 


ut^u--ut+u^- 


^fj,a,ul3 


w;^w-v^v^ 


'^^ifi,ual ^ 


W+W-U++U,- 


^iia.vfil ^ 


v,^v-u^+u^^ 


^iiOL^vfil 2 


l.l.W^Wg 


'5p^/'-'/ij/,a/3 


i.i.v^v^ 


^W^ ii-^,OLf^ 


j,jMi+u^- 


—^S-^Oy^y^a^ 


z.z^w^w^ 


Cyy^fiu,al3 


z.z^v^v, 


— {cw — 3svF^iy) 5'^i/,a/3/4 


z,zM+u,- 


— {CW — 'iSwtw) 'S'^i/,a/3/4 


z'.zy^v^ 


-3(1 - 'itl,)Sy,^^f,|^ 


z'.z'M^u-,- 


-3(1 - 3t2^)S^,,«;3/4 


i.z^w^w^ 


—CwSwSyv.afi 


7M^.ev7 


S-wicw + 3svi/^VK)5'^i/,a/3/2 


7^Z,f/++f/,- 


— Swicw — 'iS\Ytw)Sp,i,^ciP. 


i.zy^v^ 


sh^\/(3 - 9t2^,)5^,^„^/2 


^.z'M^Up- 


■^H^V (3 — '^^^/)^ii.y.ati 


z,ziv+v^ 


-{cw + 3swtw)^{^ - 9t^)5^.,a/3/4 


z.z'M^u,- 


{cw - 3sH^%)y^(3 - 9t^)5'^,.,a/3/4 


z',w+v+u^- 


V^6(l - ?>tlr)S,,^^p/A 


i,w,^v+u^- 


'iSwVf.uali/V^ 


z.w^^v^+u,- 


3 {swtwS^u^aP + CH^f^M/Si^a) 7(2^2) 



Table 3: Trilinear and Quart3£) couplings in the MSUSY331 



